Background: The best anthropometric indicator to verify the association between obesity and hypertension (HTN) has not been established. We conducted this study to evaluate and compare the discriminatory power of waist-toheight ratio (WHtR) in relation to body mass index (BMI) and waist circumference (WC) in predicting HTN after 13 years of follow-up.
Background
Hypertension (HTN) is an important health concern in many countries. Global HTN prevalence in individuals ≥18 years was approximately 22% in 2014 [1] , and at least 45% of coronary heart disease deaths and 51% of stroke deaths were attributable to HTN [2] . In 2010, 9.4 million deaths worldwide were associated to HTN [1] .
Excessive body fat is one of the main risk factors associated to HTN. Risk estimates, based on population studies, indicate that 75% of HTN diagnoses are attributable to obesity [3, 4] . Central obesity is suggested to be even more strongly associated with blood pressure values than total adiposity [5] .
Epidemiological studies have shown a relationship between HTN and anthropometric indicators that reflect excess body fat [6] [7] [8] . The main indicators used are the body mass index (BMI) and waist circumference (WC) [9] [10] [11] . Although BMI and WC are widely used in clinical practice and have been applied in several studies, there are still some limitations with these indicators.
For example, BMI is only related to total body fat and makes no distinction between the fat-free mass and fat mass. Therefore, the use of the BMI does not reflect differences in body composition according to the individual's gender, age and ethnicity [10, 12] . The main limitation of the WC is that the use of this measure in isolation may underestimate or overestimate the health risks for tall and short individuals with similar WCs [13] , because there is relatively strong evidence of an inverse association between height and health risks [14, 15] . Studies show that shorter individuals are at greater risk of developing certain diseases, such as lung disease, some cancers, cardiovascular diseases (CVD) [14, 16] and metabolic syndrome [17] . Additionally, cut-off thresholds cannot be used by gender and race universally, due to body composition differences [11, 18] . There are at least five proposed cut-off thresholds for different sexes, races and countries, considering the height effect over the metabolic risk in different populations [19] .
Given these limitations, several authors have proposed the use of waist-to-height ratio (WHtR) as a better indicator of abdominal obesity. This measure corrects the WC according to the individual's height and offers a strong correlation with cardiometabolic outcomes. Additionally, it is suggested that the main advantage of WHtR is its universal cut-off [13, 20] . A threshold value of 0.5 can be used for both genders, different ethnic groups and different age groups, thereby facilitating the diagnostic application of this tool and simplifying the public health message: "your waist circumference should be less than half of your height" [13, 21] . However, since the performance of the WHtR in detecting cardiometabolic risk factors has not been superior to the performance of BMI and WC in cross-sectional studies [22] [23] [24] , and in a metaanalysis that included studies conducted with children and adolescents [25] , its use is still controversy.
Therefore, the literature has not established the best anthropometric indicator to verify the association between obesity and HTN. A more suitable anthropometric method to detect individuals at increased cardiovascular risk is needed. In this regard, the present study aimed to evaluate and compare the discriminatory power of the WHtR in relation to the BMI and WC for the prediction of HTN in individuals from a small city in Brazil over a 13-year follow-up period.
Methods

Study population
The current study represents the second phase of a population-based observational prospective cohort study that was completed in 2015. The baseline cohort was initiated in 2002 in the city of Firminópolis, located in the midwest region of Brazil. At that time, the city had 9666 inhabitants, and the study included a representative sample of individuals aged over 18 years who were living in the urban area.
The sample size of the baseline cohort was calculated based on the total population at the time, a 25% prevalence of HTN, a 95% confidence interval and a 2,5% estimation error to obtain n = 1030. Twenty percent (20%) was added to this total to cover any losses (n = 1236). The sample comprised 1168 individuals (430 men and 738 women) [26] .
The matrix design of the second phase, of which this study is one part, was approved by the Research Ethics Committee of the Clinical Hospital, Federal University of Goiás (Hospital das Clínicas da Universidade Federal de Goiás) (CEP/HC-UFG) with registration number 396,839. The study followed human research regulations according to National Health Council Resolution number 466/2012. The procedures were performed only after the participants signed the Terms of Free and Informed Consent.
This second phase included only individuals who did not have HTN at baseline. Thus, 400 individuals from phase 1 sample who had the disease at the time were initially excluded. Of the 768 remaining participants who were normotensive, 297 were excluded from phase 2. The reasons for exclusion were as follows: subject could not be found (n = 73), death (n = 55), moved to another city (n = 153), refusal (n = 5) and absent from their home (n = 11). The final study sample size was 471 (40,3%) individuals.
Data collection
In 2015, all individuals found were interviewed in their own homes using a standardised questionnaire. All data were collected by a team of previously trained and constantly supervised researchers using standard equipment and techniques.
The questionnaire applied in this second phase was similar to the questionnaire used at baseline. In this study, the following information was analysed from each phase: Phase 1: identification and sociodemographic characteristics (age, gender, education, marital status), lifestyle (smoking, alcohol consumption, dietary intake and physical activity), self-reported health conditions (use of antihypertensive drugs) and objective measures (blood pressure, body weight, height and WC); and Phase 2: identification (only age and gender), selfreported health conditions (use of antihypertensive medications) and objective measures (only blood pressure).
Anthropometric measurements
Anthropometric measurements were performed according to Lohman, Roche and Martorell's recommendations [27] [29] . Due to the small number of individuals in the "underweight" category (n = 32), this category was grouped together with the "normal weight" category. The WC was measured with an inelastic tape measure positioned horizontally at the midpoint between the iliac crest and the last rib with the individual in a standing position and wearing minimal clothing. The measurement precision was 0.1 cm. The WC values were classified and categorised as appropriate or increased (increased risk of cardiovascular disease) according to the cut-off points of < 94 cm and ≥94 for men and < 80 and ≥80 cm for women, respectively [10] .
WHtR was calculated by dividing WC (cm) by height (cm), and.was categorised as follows: < 0.5 (appropriate) and ≥0.5 (increased: increased risk of cardiovascular disease) [20] .
Definition of hypertension (HTN)
A semi-automatic device (Omron HEM705CP, Kyoto, Japan) was used to measure blood pressure. The devices were periodically calibrated against a mercury column device to confirm their accuracy. Blood pressure classification and its measurement technique followed the recommendations of the VII Brazilian Society of Cardiology Arterial Hypertension Guidelines [30] . Two measurements were taken from the arm that had the highest initial pressure value. For analysis purposes, the mean value of the two measurements was used. The presence of HTN was defined as systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg or the use of antihypertensive medications by the individual [30] ; this measurement was considered the outcome variable in this second phase of the study.
Confounders
The following variables were used as the confounders: gender, age (in years), education (complete years of study), marital status (resides with or without a partner), smoking (never smoked, smoker or ex-smoker), alcohol consumption (yes or no), physical activity (active or inactive) and food consumption (score I and score II).
To classify individuals as active or sedentary, information was collected concerning physical activities at work, commuting to work and during leisure time [31] . Individuals considered sedentary simultaneously in the three categories were classified as sedentary, and individuals considered active in at least one of the three categories were classified as active. Information concerning domestic activities was not included in the questionnaire. For more details about this classification refer to Additional file 1.
The individual's food consumption was analysed using a food frequency questionnaire (FFQ) that estimated consumption during the previous year. The list of foods used was based on an FFQ developed and validated previously for a low-income adult population of the city of Goiânia, Brazil [32] . For the food consumption frequency to be treated as a quantitative variable, this measure was converted into a food consumption score that represented the individual's daily intake in portions [33] . For each individual, the mean daily consumption frequency score of foods from the two food groups (Group A and Group B) was calculated. Group A was composed of all of the food contained in the FFQ that was associated with CVD risk, and Group B was composed of all of the food contained in the FFQ that was considered protective or not associated to CVD risk [30, 34, 35] . Refer to both groups food list on Table 1 . Therefore, the "food consumption" variable was categorised into Score I and Score II, wherein the sum of the weighted values for foods in Group A was score I and the sum of the weighted values for foods in Group B was score II.
Statistical analysis
The statistical analysis was performed using the STATA program, version 12.0. Normality was tested using the Kolmogorov-Smirnov test. Student's t-test for independent samples and Pearson's Chi-square test were used to verify differences in the total sample in the first phase of the study (2002) according to the presence or absence of HTN in the second phase of the study (2015) among individuals.
BMI, WC and WHtR were tested separately using Poisson regression models by gender and adjusted for age, years of education, marital status, income, physical activity, smoking, alcohol consumption and food consumption. HTN was the outcome. The relative risk (RR) and its 95% confidence interval (CI) were obtained for each index assessed. Given the high correlation between the anthropometric indices analyzed (BMI/WC, r = 0.73; BMI/WHtR, r = 0.73; WC/WHtR, r = 0.90, p < 0.05), they were not considered independent variables in the same model.
The ROC (receiver operating characteristic) curves were analysed to identify the best cut-off points and to evaluate and compare the predictive capacity of the anthropometric indicators for the HTN outcome by age group in men and women (< 40 years of age and ≥40 years). The areas under the ROC curves provided the overall probability of the anthropometric indicator correctly classifying the presence or absence of SAH. A larger area under the ROC curve indicated a greater predictive power of the indicator. A perfect test has an area under the ROC curve equal to 1.0, whereas an area equal to 0.5 indicates that the test performance is no better than chance. Above 0.7 is considered a satisfactory performance. The lower 95% CI limit should not be less than or equal to 0.5 [36] .
The sensitivity and specificity indicated the best cutoff points for the HTN risk. Sensitivity was defined as the ratio of correctly identified hypertensive individuals, and specificity was defined as the ratio of correctly identified normotensive individuals. The selected cut-off points had the greatest concomitant sensitivity and specificity [36] .
The significance level adopted for all analyses was 5% with a confidence interval of 95%.
Results
A total of 67.7% (n = 319) of the studied subjects (n = 471) were female. The mean follow-up period was 13.2 years. The total sample characteristics at baseline (2002) based on subsequent HTN development are shown in Table 2 . Approximately 44.0% (n = 207) of the subjects developed HTN over the follow-up period. The subjects who developed HTN had a significantly higher age, lower education level, higher prevalence of smoking or being a former smoker and higher anthropometric measurements at the study baseline compared to the subjects who did not develop the disease (p < 0.05). Approximately 48.0% (n = 99), 54.0% (n = 112) and 73.0% (n = 150) (p < 0.05) of the subjects who developed HTN were overweight at baseline according to BMI, WC and WHtR, respectively. Table 3 shows the relative risk (RRs) and 95% confidence intervals for the associations between the anthropometric measurements and cumulative incidence of HTN after 13 years by gender. All anthropometric indices were associated with the risk of developing HTN among women after adjusting for age, education, marital status, income, physical activity, smoking, alcohol consumption and food consumption. The risk of new HTN cases was 82.0% for obese individuals (RR: 1.82; 95% CI: 1.07 to 3.09), 71.0% for an increased WC (RR: 1.71; 95% CI: 1.15 to 2.54) and 66.0% for an increased WHtR (RR: 1.66; 95% CI: 1.08 to 2.56) in women. The associations were not significant for men after adjustment (p > 0.05). Table 4 shows the areas under the ROC curve (AUC) of the anthropometric measurements for HTN prediction. All anthropometric indices showed a reasonable predictive capacity in detecting the presence of HTN in women. However, this capacity occurred at random for men (95% CI < 0.5). The discriminatory power of the indices for HTN in women was approximately 64.0% for BMI (AUC: 0.64; 95% CI: 0.58-0.71), 68.0% for WC (AUC: 0.68; 95% CI: 0.62-0.74) and 69.0% for WHtR and women in either the total sample analysis or the age-stratified analysis. The AUC for the WHtR was significantly higher than the AUC for BMI among women only in the paired comparison, however, the differences between the AUCs were small (0.05). The ROC curves for the total sample and by gender are shown in Fig. 1 .
The cut-off points of the three anthropometric indices with higher HTN predictive capacities using the ROC curve analysis are summarised in WHtR (mean ± SD) 0.52 ± 0.07 0.54 ± 0.07 0.50 ± 0.06* SD Standard deviation, Score I: Daily intake of foods considered to increase risk of cardiovascular diseases (CVD); Score II: Daily intake of foods considered protective of or having no effect on risk of CVD; BMI: Body mass index; WC: Waist circumference; WHtR: Waist-to-height ratio *Significant difference between variables according to subsequent development of hypertension (p < 0.05) Firminópolis, Brazil (2002 Brazil ( -2015 with age, although there was a slight increase among individuals under 40 years of age.
Discussion
The results indicate that overweight women are at a greater risk of developing HTN. The anthropometric body fat indices (total and abdominal) were associated with a risk of developing HTN over the 13 years of follow up, which corroborated the results of other studies that found that excess fat was a major determinant of HTN development [9, 37, 38] . Risk estimates from population studies show that approximately 75% of diagnoses of HTN may be attributed directly to obesity [3, 4] . The mechanisms involved in obesity-induced HTN are complex and need to be further understood. Some authors have noted several physiological changes that occur in people with excess body fat, such as activation of the sympathetic nervous system and the renin-angiotensin aldosterone system, endothelial dysfunction and/or functional abnormalities, may result in hypertension [39, 40] .
In this study, the proportional hazards regression analysis adjusted for the confounders showed a direct association between BMI, WC and WHtR and the risk of HTN, but only for women. These anthropometric indicators have also been associated with HTN in longitudinal [8, 41, 42] and cross-sectional [7, 23, [43] [44] [45] [46] studies in different populations. In a study conducted in public hospitals in Argentina, BMI, WC and WHtR predicted HTN incidence after 10 years of follow-up. The hazard ratio was higher for WC and WHtR when compared to BMI [8] . In Brazil, all anthropometric indices assessed (including WC and WHtR) were significantly associated with HTN incidence with the exception of BMI in a cohort of adults living in the south of the country after a mean follow up of 5.6 years [42] . This finding contrasts with the findings of the present study, in which all three anthropometric indices showed similar predictive capacities in women. In a population-based cross-sectional study in large Brazilian cities, Peixoto et al. [44] observed that HTN was equally associated with an increased WC in adults from both genders. An association between BMI and SAH was found only for women. Silva et al. [23] found that a high BMI, WC and WHtR were associated with new HTN cases in adults of both genders. WC was the best independent predictor of HTN for women, whereas BMI was the best predictor for men. A high WHtR was associated with SAH only in women, whereas BMI was the indicator most strongly associated with the disease in both genders [7] .
One possible reason for the differences in associations between anthropometric indices and HTN risk in such studies is that these figures may not reflect the same risk in different populations. Differences in body composition and fat distribution between different ethnic groups, genders and age groups have been well discussed in the literature [11, 47, 48] . Additionally, the study design and variations in the type of statistical analysis used or the choice of adjustment variables can modify the Fig. 1 Area under the receiver operating characteristic (ROC) curve (AUC) for the body mass index (BMI), waist circumference (WC) and waist-toheight ratio (WHtR) in the prediction of hypertension for the total sample and by gender. Firminópolis, Brazil (2002 Brazil ( -2015 degree of association between anthropometric indices and HTN. For example, in our study, the main variables related to increased HTN onset were adjusted. For the total sample (n = 471), a significant association was found between abdominal obesity indices and HTN risk. However, when the analysis was stratified by gender, all obesity indices lost significance in the associations in relation to men. This result showed that the indicators were associated with the risk of disease only in women.
Corroborating our results, Chei et al. [41] observed that the assessed anthropometric measurements were not significantly associated with HTN risk in men in a Japanese cohort after analysis by gender adjusted for confounders. Therefore, studies conducting risk analyses only for the total sample and including "gender" only as a covariate in the adjusted model may not reflect the real association between anthropometric indices and the risk of developing the disease [8, 42, 43, 46] .
In contrast to earlier studies [6, 13, 20, 49] , no significant difference between anthropometric indices was observed in our population for HTN prediction HTN according to gender and age when analysed using areas under the ROC curve. The results showed that the BMI, WC and WHtR had a similar likelihood of classifying the presence or absence of HTN in women. Oppositely, the indices were not capable of predicting the disease among men. This difference may be explained by the smaller number of males in the sample.
Notably, the accuracy of anthropometric variables as a predictor of HTN was not high in this study, since it has been reported [50] that an AUC between 0.5 and 0.7 indicate that the predictive capacity is less precise. A similar result was found in a recent study in the United States with adult women, which showed that the three anthropometric measurements had similar modest capacities for HTN prediction (AUC = WC: 0.63; WHtR: 0.65 and BMI: 0.66) [51] .
In previous studies with a cross-sectional design, the AUC values did not differ between BMI, WC and WHtR in adults in China [22, 52] and Brazil [23] for either gender in HTN prediction. However, in a study of Spanish elderly people at high cardiovascular risk, the AUC for BMI was significantly higher than the AUCs for WC and WHtR in a model adjusted for confounders, although the magnitude of the differences was considered small (AUC: 0.67, 0.66 and 0.66, respectively) [49] .
In a study of 36,642 adults (both men and women) in China, the AUC for the WHtR was significantly greater than the AUC of BMI or WC in HTN prediction [6] . The authors also observed that the WHtR was able to predict cardiometabolic risks, including HTN, among individuals with an appropriate BMI and WC. Similar results were found in a large study in Japan (n = 45,618). In an unadjusted model, the AUCs for WHtR were also significantly greater than the AUCs for BMI and WC in both genders. However, no differences were observed after adjusting for age [24] . Systematic review and metaanalyses also indicated that WHtR might be the best anthropometric index to predict a broad range of cardiometabolic risk factors associated with central obesity, including HTN [20, 13] .
The results of our study showed that the correction of the WC according to the individual's height reduced the magnitude of the association with the incidence of HTN in the risk analysis. Furthermore, comparison of the AUCs revealed no difference in the prediction of the analysed indices. This finding suggests that either the overall obesity (BMI) or central obesity (WC and WHtR) anthropometric indicators can be used in Brazilian adults to evaluate the risk of HTN, as suggested in another cross-sectional study conducted in Brazil [23] .
The cut-off points that showed the best predictive capacity for the HTN risk in the present study based on sensitivity and specificity were similar to the currently recommended values (25 kg/m 2 and 80 cm) [10, 28] for excess weight according to BMI (both genders) and increased WC (in women), respectively. The cut-off point with a higher variation was increased WC among men (85.3 cm), which was 8.7 cm lower than the current recommendation (94 cm) [10] . Similar results were found in a study in southern Brazil [23] . The best cut-off values for BMI associated with HTN risk were also close to the current recommendations (24.9 and 24.6 kg/m 2 for women and men, respectively). For WC, the cut-off point was higher for women (86.2 cm) than for men (89.5 cm) considering the current recommendations for an increased WC.
In a previous study in the midwest region of Brazil [44] , the cut-off points for BMI and WC, which offered the best predictive capacity for the risk of HTN, were identical to the currently recommended values for excess weight and increased WC in women. For men, the cut-off point for an increased WC (86 cm) was well below the recommended values, as was the case for the men in this study. The difference found between the cut-off for WC and the value recommended by the literature suggests that some men in this study were classified incorrectly regarding the HTN risk, which may generate a high number of false negatives.
In relation to the WHtR, the cut-off values found in this study for both genders and for all age groups were similar to the value currently recommended in the literature for different populations (0.5) [6, 13, 21, 23] . The similarities found between the WHtR cut-off points underscore the fact that the WC of a particular person should not be more than half of the person's height.
Some limitations of the present study merit attention. First, changes in obesity indicators during follow-up were not considered in the analyses and might have affected the results. Additionally, only the prediction of HTN risk was evaluated in this study. Other diseases associated with obesity, such as dyslipidaemia and diabetes, were not included due to the lack of data for these analyses.
Additionally, we could not monitor all individuals in the second phase of the study due to losses and exclusions. However, this limitation probably did not affect the results, because if the subjects evaluated in phase 2 (n = 471) were compared to those not evaluated (n = 297), no differences were found in the general characteristics of the groups (p > 0.05).
The strength of this study is its longitudinal design, which allows evaluation of exposure-outcome temporality. Notably, the anthropometric and blood pressure measurements were collected according to standard protocols by trained researchers. Finally, because hypertension is a disease of multifactorial origin, the risk analysis performed considered the main disease risk factors for adjustment, including food consumption. This consideration was not observed in most similar studies, which differentiated this study from others.
Conclusions
In conclusion, this study found that high BMI, WC and WHtR values were associated with increased risk of developing HTN among women and had similar disease-predicting capacities. The cut-off points of the analysed indices were similar to the current recommendations, except for the WC for men. These results reinforce the importance of using anthropometric indices as part of the public health programs strategy. It would help preventing and controlling overweight epidemic as well as warn about the risk of developing HTN and other comorbidities associated to weight gain. Although WHtR was not a superior disease-predictor, it can be used as an effective and simple toll to identify individuals at risk of developing HTN. 
